Introduction
Manufacturing industries are growing rapidly in Barada Basin , one of the most emerging industrial zone of Syria carrying high risk to environment and human health due to the emission of huge amounts of heavy metals [15] [19] . The highest polluting sectors are textile, chemical, and metal industries [27] . The outcome is a huge polluted water resources, particularly in Barada and Awaj Rivers [9] [21] . This unpleasant situation is also exacerbated by the discharge of uncontrolled , untreated industrial wastewater [20] [23] [29] .
Besides, in 1998 the first sewage treatment plant in the basin for Damascus city started operation. The treated water are planned to be used for irrigation for around 15 ,OOOha of land through concrete canals [9] . The plant poorly treats inorganic matters , especially heavy metals. The treated water used for irrigation transmits massive amount of heavy metals to plant tissues. Analysis undertaken by Ministry of Environment on the leaves of several plants shows that heavy metals exist in relatively high concentration . That carries sever impacts on health of inhabitants [23] .
Few studies show that concentrations of Cr , Cd, and Pb exceed the standards in downstream.
According to some tested samples in the laboratory of municipalities , affiliated by the Ministry of Local Administration, heavy metals do present in surface and groundwater , and sediment.
However, surface water samples show very high concentrations of Cr , Cd, and Pb. These concentrations are significantly higher than WHO , and Syrian standard for drinking water and also exceeds FAO standard for irrigation . In the downstream, Barada River shows significant deterioration in its quality due to the increase in heavy metals and organic pollutants [15] [19] [23] . Melhem and Higano [27] estimates of pollution emission from manufacturing industries show that pollutants such as Cr, Cd, and Pb varies over sectors and catchment areas of the basin. In the case of Barada River, they find out that Cr concentrates excessively in downstream, where the water is used for irrigation. This compelling result suggests more investigation in assessing the potential risks of these pollutants . Shedding more light on this particular issue will contribute to defining types of risk, estimating exposure levels, and predict future mortality rates.
In the current study, Cr, Cd, and Pb pollutants, their risk, and their transmission pathway to human body through environmental media are briefly defined. Further , a concrete illustration of methodology and modeling is introduced. The exposure levels through the consumption of vegetables and fruits which has been irrigated with contaminated water are modeled .
It also incorporate the interrelation among the sources of pollutions induced by production activities in order to estimate the average amounts of heavy metal concentration in human body. The study concludes with defining an array of outcomes that are expected to be generated using the proposed model.
Heavy metals and their characteristics in the environmental media

Cadmium
Cd is one of the most environmentally serious problem due to its high toxicity . The first documented case of acute Cd-toxicity occurred when thousands of fish died in Japan . This event was traced to an elevated concentration of Cd in stream water, which resulted from industrial effluents, mining, and smelting activities . More recently, it has been shown that humans can develop chronic toxicity by prolonged ingestion of small quantities of Cd [31] [33].
Cd is released to the air, land, and water by human activities . The two major sources of contamination are the industries that indirectly produce or directly use Cd as an input , and the disposal of wastes containing Cd. Increases in soil's Cd content results in an increase in the uptake of Cd by plants. The pathway of human exposure from agricultural crops is thus susceptible to such increases. Uncontrolled industrial emissions , and ineffective abatement schemes will eventually increase the dietary Cd exposure [40] .
Rivers contaminated with Cd caause damages into the surrounding land , either through irrigation for agricultural purposes, or through flooding [4] [33] . High rate of Cd entering fresh waters from industrial sources is rapidly absorbed by particulate matter , where it may settle out or remain suspended, depending on local conditions. Rivers can transport Cd to a considerable distances from the source of the input. In Japan , there are several areas where soils have been contaminated with irrigating water up to 50 km from the source [5] .
It has been shown repeatedly that an increase in soil Cd content results in an increased plant uptake of the metal. This has been demonstrated for soils with naturally elevated Cd levels [33] , those contaminated by non-ferrous metal mining [5] , and those that have received Cd via sewage sludge applications [4] . This basic relationship makes the soil-crop pathway of human exposure susceptible to increased levels of soil Cd. It is important to assess these soils and plant factors that influence Cd uptake by crop plants [32] . Contamina- Human uptake of Cd occurs via the inhalation of air and the ingestion of food and drinking water. Three approaches are used for estimating the daily intake of Cd in food . The first is the total-diet collection method in which the foods are prepared for consumption and are either analyzed individually or combined in one or more food group composites in proportions based on available food consumption data. The total Cd intake is calculated as the product of the concentration and the estimated amount of food eaten . In the second approach, a market basket study, representative samples of individual foodstuffs are collected from retail outlets and analyzed. The Cd concentrations are then multiplied by the average amount of intake of each foodstuff to give the Cd intakes for each food item . The sum gives the total dietary intake. The third way of estimating Cd intake is the collection of a duplicate sample of the meals consumed. The combined food sample is homogenized and the Cd is analyzed [40] . Knowledge of Cd uptake and/or partitioning within vegetables would facilitate the reduction of Cd consumption by humans. Furthermore , an understanding of its physiological basis, uptake and distribution may also be useful in breeding varieties of vegetables that has less Cd content in the edible portion (s). This would minimize health risks associated with continued vegetable production on moderately polluted soils [43] [34] .
Chromium
Cr is a naturally occurring element found in rocks , animals, plants, soil, and in volcanic dust and gases. Cr is present in the environment in several different forms . The most common forms are Cr(0), trivalent (or Cr(III)), and hexavalent (or Cr(VI)) . Cr(III) occurs naturally in the environment and is an essential nutrient required by the human body to promote the action of insulin in body tissues so that sugar, protein , and fat can be used by the body. Cr(VI) and Cr(0) are generally produced by industrial processes . Cr compounds, mostly in Cr(III) or Cr(VI) forms, produced by the chemical industry are used for chrome plating, the manufacture of dyes and pigments, leather, tanning, and wood preserving. Cr (III) occurs naturally in many fresh vegetables, fruits, meat, yeast, and grain [2] [12].
Cr is found in air, water, and food. However, Cr is not readily absorbed through the skin. Ingestion of food is the major source of Cr exposure for most people . On average, adults take in an estimated 60 micrograms of trivalent Cr every day with their food [1] [16] . The trivalent form is an essential nutrient in our diet and it is used by the body to carry out many important functions. Although Cr (III), in small amounts , is a nutrient needed by the body, swallowing large amounts of it may cause health problems . The trivalent form of Cr exhibits very low toxicity, and it is not known to cause cancer . In contrast, hexavalent Cr can be toxic causing cancer in severe cases. When swallowed , it can upset the stomach and damage the liver and kidneys. There are also a potential skin allergies . Hexavalent Cr is one of a small set of chemicals the Environmental Protection Agency (EPA) has classified as a known human carcinogen [17] [32] .
The EPA has developed toxicity values to estimate the risk of getting cancer or other adverse health effects as a result of inhaling or ingesting Cr [16] . The toxicity value for estimating the risk of getting cancer is called a slope factor (SF) , and the value for the noncancer effect is called a reference dose (RfD). An SF is an estimate of the chance that a person exposed to the chemical will get cancer from taking one milligram per kilogram of body weight per day (mg/kg-day), for a lifetime [32] [33].
Lead
Pb is a naturally occurring element that can be harmful to humans when ingested or inhaled, particularly to children under the age of six . As a result of past and current industrial usage, Pb has become a common environmental contaminant . Pb poisoning can cause a number of adverse human health effects, but it is particularly detrimental to the neurological development of children. Pb particles in the environment can attach to dust and be carried long distances in the air. Such Pb-containing dust can be removed from the air by rain and deposited on surface soil, where it may remain for many years . In addition, heavy rains may cause Pb in surface soil to migrate into groundwater and eventually into water systems [4] . Exposure may result from individuals eating foods contaminated with Pb . This Pb can come from foods grown in soils with a high Pb content. It has also contaminated foods from improper canning procedures, cooking foods in cans with soldered seams , and serving foods in plates or containers that contain Pb or have Pb containing coatings on their surfaces [25] [31] [33] .
Ingestion is the most common route of exposure to Pb in children and adults not occupationally exposed. Among pre-school children, Pb is frequently ingested through placing hands, toys and other objects and dust or soil on those objects into their mouths . Estimates of the amounts of soil ingested by children vary from 4 to >200 mg/d however a suggested average intake is 60-100 mg/d which may increase one hundred fold in response to many other factors. Inhalation is another common route of exposure to Pb . The amount of Pb inhaled depends on the Pb levels in air and the amount of air being inhaled by the individual [33] .
Major adverse impacts on public health can be divided into four categories (1) brain and nervous system damage, and particularly mental development impairment in children;
(2) interference of reproductive system including effects such as premature infant and low births; (3) damage of circulatory system such as oxygen absorption decrease and increase in blood pressure; and (4) kidneys malfunctioning [46] 3. Summary of findings in the basin
In previous paper Melhem and Higano [27] , we analyzed the current environmental status regarding heavy metal pollution and future impact of prolonging such a situation on deteriorating the river water condition in the basin.
We developed a dynamic mathematical model based on Principle of Material Balance , optimal investment criterion and several economic theories and assumption . This model consists of two complementary sub-models. The ecological model, which describes spatial and chronic change of the Chromium (Cr), Cadmium (Cd) , and Lead (Pb) discharged to the rivers, and the socioeconomic model, which describes the social and economic activities in the zones as shown in Figure 2 .
We have used the census data, several ministries official data and findings of other studies that have been carried out by individual and international organization so far as secondary data.
The study area is divided to 10 zones according to water flow and administrative borders .
By running simulations with 10years projection we studied the interrelation between pollution and socio-economic determinants, estimate the amounts of heavy metals transmit to rivers, and determine the necessity of risk assessment for these metals on environment and human health.
The summary of findings is described as following:
In the basin, Cr is generated mainly from leather processing , metal calving and battery production. Moreover, Cd is discharged from smelters, iron and steel plants, and battery production, while smelting and processing of Pb, and Pb-containing metal ores are the main sources of Lead [19] [27]. As general conclusion, textile industry is the main source of Cr , and metal and chemical industries are equally the main source of Cd and Pb . Besides, Cr is discharged in highest amounts comparing to Cd and Pb due to concentrated textile factories in the basin. The concentrations of pollutants increase 2-3 times in downstream . These concentrations reach 8mg/1, 0.8mg/l, and 1.8mg/l for Cr , Cd, and respectively, which is much higher than Syrian designated limits for discharge to rivers and FAQ standards for irrigation water.
Again the concentrations of these pollutants in treated water generated from Adra treatment plant, which is mainly used for irrigating green vegetables and crops , exceed 10 times the designated limits. This obviously carries tremendous danger for inhabitants and direct threat to human health due to the fact that the irrigation zone is the main supply for vegetables to the whole basin. On this ground, assessing the potential health risks is a very crucial issue that needs to be undertaken.
Scope of the risk assessment
Risk assessment is a systematic way of analyzing environmental problems cause different types and degrees of risk on human health. It requires information regarding pollution hazards, their pathways, exposure levels, and population affected. Although available data determines the uncertainty and reliability, it is a quick, inexpensive method to identify significant health problems, especially in developing countries [34] [43] .
The exposure evaluation determines the dose and the intake of the key chemicals by a hypothetically exposed person or population. The dose is defined as the amount of a substance absorbed into the body. The evaluation is based upon worst-case , conservative scenarios with respect to four aspects. These aspects are: (1) location of the exposed individual and duration of exposure; (2) exposure rate; (3) emission rate from the source; and (4) risk characterization. In the latter, the risk is characterized by examining the toxicity of the chemicals to which the individual has been exposed , and evaluating the significance of the calculated dose. It is the final step to estimate the health risk by combining the two mentioned assessments, such as, population expected to experience a certain disease, cancer, or mortality rate [3] [34] [36] .
An exposure assessment for the purpose of characterizing the health impact of the emissions requires the following steps: (1) Measuring or estimating of emissions (2) Predicting the rate and the mobility of the emitted substances in water , soil, and biota following deposition into land. (3) Calculating the substances uptake by humans exposed to the affected media [37] .
The scope of a study and the quality of data are key issues for a reliable assessment . Determining the scale and population groups is essential. It should take into consideration special groups, such as, children [34] . Moreover, sufficient data reduce uncertainty , which is decided according to how much the analyst is willing to accept . Limited-data problem rises in developing countries, like Syria [23] . However , World Bank provides data-guidelines that has great help in giving quite adequate results [43] .
Methodology of the study
The method used in this study generally based on above-stated outlines , taking into consideration several important points, require a number of adjustments reflecting the basin specific conditions, as follows;
Referencing to ambient air-water quality standards is not a sufficient indicator for evaluating the potential risks from heavy metal emissions on human health . The possible effects of emissions occur through exposure routes other than pure inhalation or ingestion . As such, an assessment of the exposure to the substances by the population needs to be made followed by an appraisal of the induced risks by this exposure [3] . The data shows that the concentrations of these metals is considerably high in river water comparing to sediment [23] [27] . The assessment process is based on modeling both the heavy metals emission pathways from the point sources to the water-soil-plant and the ingestion by population through consumption of water, food, and inhalation. The methodology seeks to quantify the exposure to the substances, and then to assess the risk of the exposure.
Modeling of the integrated risk assessment points out the impact of economic development on the environmental media and human health through uncontrolled industrial discharges by the time. This is very important indicator to set up an appropriate risk management policy considering socio-economic systems and other priorities in the basin [10] [11] [26] . Consequently, the model would express the interrelation among ecological, economical, and assessment models [10] [11] [26] [38] .
In order to identify interrelation between future trends of economic development and health impact of the metals on human, phenomena; such as production, investment, consumption, and GRP (Gross Regional Product) related to contaminants are dynamically integrated into the model, which make this model complete, hence this study is a pioneer to evaluate long-term risk and predict future effects on exposed populations.
The model
The proposed model is an expansion of the one introduced by Melhem and Higano [27] , to address certain related to risk and treated, population groups under certain levels of risk, , the total pollution flows to each The Barada and Awaj Rivers is calculated by the pollution generates from each zone TBBp(t)=TB1p(t)+TB3p(t)+TB4p(t)+TB5p(t)+TB6p(t) TBAp(t)=TB7p(t)+TB8p(t)+TB9p(t)+TB10p(t) (1) TBBp(t): The total amount of pollutant p flowing to Barada River at time t . TBAp(t): The total amount of pollutant p flowing to Awaj River at time t .
In order to know which type of socioeconomic activity participate the most in the contamination discharged in each zone , the total amount of pollutants generate from each zone is calculated as follows:
Clip(t): The amount of pollutant p generates from total industrial activities in zone i at time t.
CHip(t): The amount of pollutant p generates from households in zone i at time t .
CHip(t)=ehpP(t)
TBip(t): Total amount of pollutant p generated in zone i at time t . Yij(t): Total production of industry j in zone i in monetary term at time t . Pi(t): Population of zone i at time t. eijp, ehp: Emission coefficients to rivers of pollutant p for industry j (in zone i) and household respectively.
6-1-2. The economic model
Since the economic data is very limited the economic model is simple one . The main economic indicators defined are production , labor, capital stock, and GRP.
We assume that the relation between population and number of workers in each zone is Pi(t+1)=(1+ƒÅi)Pi(t)
The following assumption based on Harrod-Domar production function [24] . An increase of production requests an increase of labor:
ƒÀj Labor force required per production unit in industry j .
Also the demand of the capital:
ƒ¿j : The capital required per production unit in industry j Kij(t): Capital stock of industry j in zone i at time t.
Capital is accumulated by investment in each industry, in each zone at each time period:
ƒÐj : The depreciation rate.
Iij(t): Investment in zone i, industry j at time t.
The gross regional product (GRP) for any zone is the sum of total production (all industries) multiplied by the value added of production in each industry:
GRPi(t): Gross regional product of zone j at time t. On the other hand, the gross regional product equal to consumption plus investments and net transfers (subsidies to or borrowing from) to other zones:
The consumption is the population of every zone times the consumption per capita:
ƒÃ i: Consumption per capita.
Ci(t): The consumption in zone i at time t. it to market flow, we study the demand for agricultural products produced in the study area . For this purpose the population is primarily divided into two main groups j=1 is adults , j= 2 is children. Average demand of these groups is therefore calculated .
CYil(t)=ƒ°jƒÁij(t)Pij(t) (13) CYil(t): Consumption of agriculture production in zone i at time j ƒÁi(t): Demand of vegetable per capita in zone i at time t.
All zones are self-sufficient in agricultural production. However, zone 2 , due to the overpopulation depends on the production of other zones. Hence, the consumption in all zones and zone 2 are given by the following equations:
"Ui : Consumption rate in zone i
For zone 2 the consumption calculated as;:
Y21(t): Agricultural production in zone 2.
We examine the relation between irrigation water and agriculture production: According to USEPA guidelines, the value of Amt p(t) determines the level of certain risk of exposure to certain heavy metals. The risks are identified as follows: Risk of Kidney and liver failure due to Cd exposure; risk of nervous system damage due to Pb exposure; risk of indigestion due to Cr exposure . The results show that GRP increases 48-51% among zones through simulation years .
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